Aims: Breast cancer represents the second most prevalent tumor-related cause of death among women. Although studies have already been published regarding the association between breast tumors and miRNAs, this field remains unclear. MicroRNAs (miRNAs) are defined as non-coding RNA molecules, and are known to be involved in cell pathways through the regulation of gene expression. Melatonin can regulate miRNAs and genes related with angiogenesis. This hormone is produced naturally by the pineal gland and presents several antitumor effects. The aim of this study was to understand the action of melatonin in the regulation of miRNA-152-3p in vivo and in vitro. Main methods: In order to standardize the melatonin treatment in the MDA-MB-468 cells, we carried out the cell viability assay at different concentrations. PCR Array plates were used to identify the differentiated expression of miRNAs after the treatment with melatonin. The relative quantification of the target gene expression (IGF-IR, HIF-1α and VEGF) was performed by real-time PCR. For the tumor development, MDA-MB-468 cells were implanted in female BALB/c mice, and treated or not treated with melatonin. Moreover, the quantification of the target genes protein expression was performed by immunocytochemistry and immunohistochemistry.
Introduction
Breast cancer (BC) represents the second most prevalent type of tumor with the highest mortality rate in the world among women. Annually, more than one million women are diagnosed with breast cancer and > 400,000 die from this disease [1] . The evolution of this neoplasm occurs when the cells break off and spread to other regions of the body [2] . In this case, there is a need for recruitment of new blood vessels by angiogenesis [3, 4] . Tumor angiogenesis is a very complex process and can be regulated by several mechanisms involving different cell types of the tumor microenvironment that release pro-angiogenic factors such as vascular endothelial growth factor (VEGF) [5] .
During the cancer progression, when the tumor exceeds 1-2 mm in diameter, hypoxia regions are formed [6] . Moreover, the hypoxia increases the expression of pro-angiogenic factors such as pVHL and HIF-1α, or even control epigenetic mechanisms involving microRNAs (miRNAs) [7] . Recent studies demonstrate that the increase of IGF-IR (Insulin-like growth factor 1 receptor) in angiogenesis might be related to other genes, such as HIF-1α (Hypoxia-Inducible Factor) and VEGF leading to angiogenesis [8, 9] .
Several studies suggest that melatonin is capable of modifying the expression of innumerable genes related to breast cancer [10] [11] [12] [13] , including studies in metastatic processes, cell-cell and cell-matrix interaction, and the epithelial-mesenchymal transition [14] . Melatonin, a hormone naturally produced and secreted in the pineal gland and whose synthesis is blocked in the presence of light [15] , has been shown to be important as a new therapy against breast cancer. In addition, this hormone has important functions including antiangiogenic effects [16] as confirmed by our research group in vitro and in vivo [17] .
miRNAs are endogenous small molecules of non-coding RNA, composed of [19] [20] [21] [22] [23] [24] nucleotides that act in the cellular pathways through the regulation of gene expression in post-transcriptional level. These molecules can induce gene silencing through specific pairing with target messenger RNA (mRNA) and culminate in its degradation or transcriptional repression. It is already known that one gene can be repressed by a wide variety of miRNAs, while simultaneously one miRNA can regulate several target genes [18] [19] [20] .
In breast tumors, miRNAs can act as tumor suppressors or oncogenes, regulating several genes that lead to cell proliferation, apoptosis, genomic instability, metastasis, angiogenesis and tumor growth [21, 22] . Among miRNAs, the miR-152 demands special interest, because its decrease has been associated with the process of cell proliferation, invasion and angiogenesis in different neoplasms such as breast neoplasm [9] . In breast cancer, miR-152-3p levels are relatively decreased compared to normal mammary tissues. This miRNA can act on the pathway of angiogenesis, targeting IGF-IR and IRS1, which leads to the inhibition of some signalling pathways in the cell, culminating in the inhibition of HIF-1α and VEGF, factors that promote the synthesis of new blood vessels [9, 23] .
There are no studies evaluating the effect of melatonin on the expression of miRNAs in triple-negative breast cancer (TNBC). In this manuscript, we investigated how melatonin impairs angiogenesis, increasing microRNA-152-3p in triple-negative breast cancer cell line. Our findings suggest a modulating role of melatonin in the tumor suppressor miR-152-3p and in genes related to angiogenesis.
Materials and methods

Cell culture
TNBC MDA-MB-468 cell line was cultured in 5% CO 2 at 37°C in Dulbecco's Modified Eagle's Medium-High Glucose (DMEM®) medium, supplemented with 10% fetal bovine serum (FBS) and 1% Penicillin and Streptomycin (LGC Biotecnologia, SP, BR).
Cell viability assay (MTT)
MDA-MB-468 cells at a concentration of 5 × 10 4 were placed in individual wells of a 96-well plate and incubated for 24 h in DMEM with 2% FBS. The treatments were performed using four different concentrations of melatonin (0.001 mM, 0.01 mM, 0.1 mM and 1 mM) (Sigma-Aldrich, St. Louis, MO, USA). Control group received only the vehicle (1: 1-100% ethanol and PBS). After 48 h of treatment, 10 μL of MTT solution (Vibrant Mtt Cell Proliferation Assay Kit-Invitrogen®) was added to each sample, followed by incubation for 1 h. Subsequently, for solubilization of the crystals formed from the metabolism of MTT, the cells were incubated with 100 μL of dimethyl sulfoxide (DMSO) (SigmaAldrich, St. Louis, MO, USA) for 10 min. The absorbance was measured at 570 nm wavelength using the FLUOstar Omega Microplate Reader® plate reader.
Real time quantitative PCR (RQ-qPCR)
RNA samples were extracted from the cell line using the miRNeasy Mini Kit® (QIAGEN, Hilden, GER) following the manufacturer's guidelines. The QIAzol reagent® and the extraction kit were used to preserve the miRNAs that could be dissipated in a conventional total RNA extraction. The cDNA was obtained through miScript II RT Kit (QIAGEN, Hilden, GER). The qPCR was performed using the RT 2 
Transient modification of cells
In order to perform the transient modification, the MirVana™ miRNA Mimic 152-3p (Ambion®) was used; this reagent is made up of small molecules of double-stranded RNAs that mimic an endogenous miRNA and allows functional analyses due to its overexpression. Additionally, a negative control containing a nucleotide sequence without homology to any gene (scramble) described in mammals was used. The MDA-MB-468 cells were seeded in 6-well plates and transfected using HiPerFect Transfection Reagent (QIAGEN, Hilden, GER).
Immunocytochemistry
The protein expression of the target genes IGF-IR, HIF-1α and VEGF was performed by immunocytochemical assay (ICC). The cell line was transferred to a slide with coupled silicone, where the culture medium was added, treated and transfected for 24 h. After the medium was removed, the slide was incubated overnight with 250 μL of 4% paraformaldehyde. The primary antibodies were used (Table 1 ) and the slides were incubated at 4°C overnight. The Complement and HRP Conjugate (REVEAL-Biotin-Free Polyvalent DAB-Spring Bioscience, Pleasanton, CA) were applied, followed by the chromogenic substrate (DAB) and Harris Hematoxylin. The assembly of the slides was performed in 50% glycerol and sealed. All immunoreactions were accompanied by a positive control for the antibody tested and a negative control (no primary antibody). The slides were observed on the 40× objective (Nikon Eclipse E200®) microscope and analyzed by optical densitometry. For each sample, three different fields were photographed only in the immunoreactive areas, and IMAGE J® software was used to quantify the immunostained intensity.
Animals and tumor implantation model
Female BALB/c nude mice (body weight of 20-25 g) were used. The animals were kept in pathogen free conditions in a temperature-controlled environment (21 to 25°C), exposed to light for 12 h and 12 h in the dark, and given food and water ad libitum. Mice were acquired from Faculdade de Medicina da Universidade de Sao Paulo (FMUSP) and the experiment was carried out at Faculdade de Medicina de Sao Jose do Rio Preto (FAMERP). MDA-MB-468 cells were trypsinized, centrifuged and suspended in 100 μL of serum free DMEM at the concentration of 5 × 10 6 cells. For the development of the tumor, this volume was injected subcutaneously in the flank. The treatment was performed for 21 days (during week days) using 40 mg of melatonin/kg animal weight. Melatonin was diluted 1:1 PBS/100% ethanol and applied intraperitoneally just before the light was switched off, at the end of the light phase. After the treatment period, the animals were euthanized with pentobarbital overdose (100 mg/kg). Tumor tissue was removed, and one part was used for real-time PCR, while another part was fixed in 10% formalin for histological and immunohistochemical analysis. The study was carried out following the national and international standards for ethics in animal experimentation. The project was approved by the Ethics Committee on the Use of Animals of the Faculdade de Medicina de Sao Jose do Rio Preto (02/2015).
Immunohistochemistry
The protein expression of the target genes IGF-IR, VEGF and HIF-1α was performed by immunohistochemistry assay. The tumor tissue was paraffin embedded, cut into a 3 μm slice and placed on a silanized slide. The deparaffinization of the xylol sections was carried out followed by hydration with decreasing ethanol. Endogenous peroxidase blockade was performed with 10 V oxygenated water for 30 min and antigenic recovery in a steam pan for 30 min with buffer, as indicated by the manufacturer. The material was incubated with the primary antibodies and the corresponding concentrations (Table 1) in a darkroom for 18 h at 4°C. After the incubation period, the slides were washed with saline (PBS), incubated with secondary, tertiary antibody, and developed with DAB chromogen according to instructions from REVEAL-Biotin-Free Polyvalent DAB-Spring (Bioscience, Pleasanton, CA). The counterstaining was performed with Harris Hematoxylin for 40 s, and assembly of the slides in Erv-mount resin (Erviegas, Sao Paulo, SP, BR). The immunoreactions were accompanied by a positive control and a negative control. The slides were observed under a 40× objective of the Nikon Eclipse E200® microscope and analyzed by optical densitometry. For each sample, three different fields were photographed in the immunoreactive areas only, and IMAGE J® software was used to quantify the immunostained intensity.
Statistical analysis
The results were initially submitted to descriptive analysis for determination of normality. For samples with normal distribution, Student's t-test (two samples) or Analysis of Variance (ANOVA), followed by Bonferroni test (more than two samples) were used. Data were presented as mean ± Standard Error of Mean (SEM). Values of p < 0.05 were considered significant and all analyses were performed using GraphPad Prism 5 software (GraphPad Software, Inc., San Diego, CA, USA).
Results
Melatonin affects cell viability
Cell viability was evaluated for different concentrations of melatonin to determine cytotoxic effects by MTT assay. Analysis shows that melatonin caused a significant decrease (p < 0.05) of cell survival compared to control group in concentration equal or higher than 0.01 mM. We chose the 1 mM concentration for the further experiments because it was more significant (p < 0.001) (Fig. 1). 
Melatonin regulates miRNAs
We evaluated 84 mature miRNAs expression level in MDA-MB-468 cells by PCR-array. Table 2 shows the fold change (FC) value for 13 different miRNAs regulated for melatonin treatment (p < 0.05). Six were up-regulated including hsa-let-7c-5p, hsa-miR-152-3p, hsa-miR-182-5p, hsa-miR-202-3p, has-miR-214-3p, hsa-miR-29b-3p; seven were down-regulated including hsa-miR-107, hsa-miR-10a-5p, hsa-miR-145-5p, hsa-miR-15b-5p, hsa-miR-20a-5p, hsa-miR-429 and hsa-miR-7-5p. Among the miRNAs differentially regulated by melatonin, a significant increase was observed in miR-152-3p level expression (FC and p value). This miRNA was chosen for the next steps because it has scientific relevance in breast cancer and angiogenesis process [24] .
Melatonin increases miR-152-3p and target genes expression
We validated by RT-qPCR the higher expression of miR-152-3p in MDA-MB-468 cells in different conditions, and also observed that the expression is increased in cells treated with melatonin ( Fig. 2A) (p < 0.05). To identify the effect of melatonin in breast tumor development, we ectopically expressed miR-152-3p in MDA-MB-468 cell line. We consistently achieved 80% transfection efficiency in this cell line and miRNA expression reached above 6000 ( Fig. 2A) (Fig. 3) .
Melatonin and miR-152-3p decreases target genes protein expression
Evaluation of protein expression by immunocytochemistry showed that melatonin and up-regulated miR-152-3p decreased the protein levels of IGF-IR (p < 0.001 and p < 0.0001), HIF-1α (p < 0.001 and p < 0.0001) and VEGF (p < 0.05 and p < 0.0001) in MDA-MB-468 cells (Fig. 4A-C) . Protein expression measured by immunohistochemistry revealed reduced levels of HIF-1α (p < 0.001) and VEGF (p < 0.05) (Fig. 4E, F) in melatonin treated groups in vivo. The slight reduction observed for IGF-IR (Fig. 4D) was not statistically significant, although it was possible to observe a more pronounced marking in the control group compared to the melatonin treatment.
Discussion
Melatonin appears to play a key role in protecting against breast cancer. This hormone interacts with several transcription factors and in nuclear binding sites, contributing to the reduction of cell proliferation [25] . Several studies attribute to melatonin the inhibition of angiogenesis by reducing the genes related to this process. Melatonin inhibits angiogenesis in co-cultures of human endothelial cells (HUVECs) and breast cancer (MCF-7) [26, 27] . It has already been demonstrated by our group that melatonin regulates angiogenic proteins in the MDA-MB-231 cell line and in the co-culture with cancer-associated fibroblasts [28] . This hormone also regulates angiogenesis under hypoxia in MCF-7 and MDA-MB-231 cells [29] and decreases the expression of genes related to this process in MDA-MB-231 and MCF-7 cells in three-dimensional culture [30] . Thus, genes related to angiogenesis can be regulated by various mechanisms and molecules, including miRNAs [31] and melatonin [32] .
There are no studies investigating the action of melatonin on miRNAs in MDA-MB-468 cells. Our results demonstrate the therapeutic potential of melatonin in the control of angiogenesis, in post-transcriptional gene regulation by increasing miR-152-3p expression in MDA-MB-468 cells, a triple-negative breast cancer cell line (TNBC), and in decreasing the miRNA target genes (IGF-1R, HIF-1α and VEGF) protein expression. We also identified the same results after tumoral implantation of these cells in BALB/c mice. Tumors treated with melatonin slightly decrease in growth relative to the vehicle-treated group (PBS/ethanol), data not shown. We have shown that this hormone acts by regulating miRNAs and genes related to angiogenesis in triple-negative breast cancer (TNBC).
We chose a triple-negative breast cancer cell line for this study, MDA-MB-468, because triple-negative tumors are characterized by limited treatment options, leading to poor prognosis and high host mortality [33] . This lineage has already been used in studies related to the epithelial-mesenchymal transition (EMT) [34] . In addition, some molecules were investigated in this cell line, such as (Boc) 2-creatine and metformin in the ATP/AMP ratio which decreased cell viability [35] ; the leptin promoting EMT in breast cancer cells [36] , MT3-037 (drug in study) and sunitinib which inhibited angiogenesis [37, 38] . Through the MT1 and MT2 receptors, melatonin stimulates apoptosis, regulates survival signalling and tumor metabolism, and also inhibits angiogenesis and metastasis [39, 40] . In addition, since melatonin is a derivative of the amino acid tryptophan and can easily cross biological membranes due to its amphipathic nature, it can still be transported by glucose transporters [39, 41] , performing its functions independent of its MT1 and MT2 receptors. The low expression of MT1 receptors in triple-negative tumors has already been identified [40] , and Mao et al. showed mechanisms involved in the resistance of MDA-MB-231 cells to Fig. 2 . Melatonin increases the relative expression of miR-152-3p in vitro and in vivo. MDA-MB-468 cells were transfected with Mimic miR-152-3p and subjected to treatment with melatonin (1 mM) for 24 h. Furthermore, the cells without transfection were implanted in BALB/c nude mice and treated with melatonin (1 mM). Ten animals were used, five treated with melatonin and five treated with vehicle of melatonin. The results showed that melatonin increases expression of miR- 152-3p (A,  B) . The data were determined on a log2 scale, since fold change varies with the mean of the Ct ± SEM of the triplicates of the groups after analysis (*p < 0.05 and ***p < 0.0001 treatment versus control). melatonin through MT1 receptor [42] . The protective action of melatonin has already been studied, and our research group has identified that in concentrations higher than the physiological level, melatonin can have antitumor actions, such as decreased cell proliferation, angiogenesis and metastasis in MDA-MB-231 and MCF-7 cells [17, [28] [29] [30] . In this present study, melatonin decreases the cell viability of the MDA-MB-468 cell line at 1 mM concentration. Corroborating our results, other studies have shown that 1 mM was sufficient to decrease the proliferation of MDA-MB-231 cells [17, 43] and in contrast, this hormone was not able to decrease the process in MDA-MB-435, highly metastatic cells [43] . However, as there are no other studies using pharmacological doses in the MDA-MB-468 cells, our result is an original contribution, and this result of 1 mM dose was used for all experiments. This defines a possible use of this molecule as adjuvant in triple-negative breast cancer therapy by using pharmacological concentration (higher than physiological concentrations). However, as this is an experimental research, translational studies are needed to understand an equivalent concentration to become clinically relevant for treating patients in the future.
We found that miRNAs are modulated by melatonin in the MDA-MB-468 cell line. Overall, melatonin increased the expression of miRNAs which are poorly expressed and those that the hormone decreased are strongly expressed. Melatonin increased the miRNAs considered to be tumor suppressors let-7c, miR-152, miR-214, miR-29b, and also decreased those considered oncomiRs, miR-107, miR-10a, miR-15b, miR-20a, which are altered in mammary tumors. These miRNAs regulate the cell proliferation promoter/inhibitor genes, inducers of apoptosis, cell migration and metastasis, angiogenesis and tumorigenesis [4, 24, [44] [45] [46] [47] [48] [49] . Despite the scarcity of work relating miRNAs and melatonin, our study corroborates literature, since this hormone has been shown to inhibit oncomiRs, such as miR-155 in glioma cells [50] and miR-24 in colon and breast cancer cells (MCF-7) [51] . In these cases, this modulation caused a decrease in tumor growth, cell proliferation and invasion. A recent review study showed a lot of potential for this hormone in regulating non-coding RNAs, including miRNAs, once this hormone acts, down-regulating or over-expressing miRNAs involved with cancer, demonstrating a beneficial role in all the cases illustrated [52] .
We note that melatonin was able to enhance the expression of mir-152 in the MDA-MB-468 cell line but did not modulate it in the MDA-MB-231 cell line, demonstrating that the miRNAs can be regulated in different ways in cell lines of the same phenotypic profile. This fact can be caused by the different genetic backgrounds of the cell lines, while MDA-MB-468 cells carry PTEN mutation [53] , MDA-MB-231 cells contain KRas mutation [54] . Thus, more studies are necessary to identify these backgrounds and their relation with miRNAs. We also identified that melatonin increases this miRNA in vivo, after implantation of MDA-MB-468 cells in BALB/c mice. Decreased miR-152 has been associated with the process of cell proliferation, invasion and angiogenesis in different neoplasms such as breast [55] , hepatocarcinoma [56] , ovary [57] and gastric cancer [58] . The high expression of miR-152-3p is related to the inhibition of IGF-1R expression through its binding to the 3′-UTR region, leading to the blockade of HIF-1α and VEGF expression [9] . Because of the key role of IGF-1R, HIF-1α and VEGF in the angiogenesis process, and as they were already identified to be targets of miR-152-3p, we chose them to verify the action of melatonin. These targets are highly expressed in TNBC compared to non-TNBC tumors [59] .
We found an increase in the gene expression of IGF-1R, HIF-1α and VEGF caused by melatonin and the up-regulated miR-152-3p, but this hormone also decreases the protein expression of the target genes. Thus suggesting a post-transcriptional function of melatonin, and confirming the action of this miRNA. Our results corroborate those of Xu and collaborators [9] , since the high expression of miR-152 in MDA-MB-468 cells led to a decrease in the protein expression of the IGF-1R, HIF-1α and VEGF genes. The authors demonstrated the increase of these genes by miR-152 in MCF-10a, MCF-7, T47D and MDA-MB-231 cells. Although this miRNA is described as a tumor suppressor in different tumor cell lines [24] , its action on the MDA-MB-468 cells is unprecedented. Several studies attribute to melatonin the inhibition of angiogenesis by reducing the genes related to this process. Others studies by our group described how melatonin acts on genes related to angiogenesis, such as HIF-1α and VEGF in breast cancer cells MCF-7 and MDA-MB-231 under hypoxic conditions [29] . In another study, our group identified that the hormone increases IGF-1R expression in MDA-MB-231 when related to the apoptotic process [30] . However, there are no studies on the modulation of melatonin in IGF-1R and angiogenesis. Activation of the IGF-1R signalling pathway promotes the proliferation, survival, and metastasis of breast cancer cells. When this receptor is blocked, it may also block the expression of HIF-1α and VEGF [9] . Under conditions of hypoxia, HIF-1α is stimulated and its degradation is blocked. It moves to the nucleus, where it will stimulate the expression of several genes that contribute to tumor progression, such as VEGF [60] . VEGF is widely produced in tumors, generating a vast and chaotic vascular network. This elevated expression is able to form new vessels in a quiescent vasculature, through an initial vasodilation, vascular permeability of pre-existing capillaries. The extravasation of plasma proteins occurs, establishing a matrix where the endothelial cells migrate [61] .
Conclusions
In summary, our study for the first time demonstrated that melatonin increases miR-152-3p and decreases the protein expression of IGF-1R, HIF-1α and VEGF in MDA-MB-468 cells and MDA-MB-468 cell line derived xenograft, suggesting a post-transcriptional action of this hormone. Our results contribute to the understanding of the action of melatonin in triple negative breast cancer and in the miR-152/IGF-IR, HIF-1α, VEGF pathway. This pathway is well known as a contributor to angiogenesis, so melatonin appears as a molecule for adjuvant therapeutic use against this important tumor process.
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